Severe necrotizing myocarditis associated with canine parvovirus type 2 (CPV-2) infection and diffuse leukoencephalomalacia was recognized in a 4-week-old mongrel puppy. The cardiac lesions were characterized by severe diffuse myocardial degeneration and necrosis with occasional massive mineralization and distinct intranuclear inclusion bodies. Immunohistochemical examination revealed the presence of CPV-2 antigens in both the cytoplasm and nuclei of the myocytes. In the white matter of the cerebrum, moderate to severe diffuse necrosis with diffuse infiltration of gitter cells and occasional diffuse mineral deposits were recognized symmetrically and bilaterally. In the meningocortical area of the cerebellum, there was mild focal hemorrhage and accumulation of hemosiderin-laden histiocytes. In addition to the absence of viral antigen (as judged by immunohistochemistry), neither viral inclusions nor other vascular lesions were identified in examined sections of brain. These findings suggest that the brain lesions were not induced by direct CPV-2 infection but were related to severe myocardial lesions producing prolonged hypoxia and/or ischemia.
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Canine parvovirus (CPV) has been widely known as a pathogen of significant worldwide canine disease since 1978. 1 The virus, thought to be a mutation of feline panleukopenia virus (FPV), is classified into several serotypes, CPV-1 (minute virus), CPV-2, CVP 2a, and CPV 2b. 13 Three forms of the disease are recognized, the enteric form, the cardiac form, and the neurologic form. 2, 4, 6 The lesions of the disease are readily identified by pathologists by the finding of severe necrotizing enteritis, nonsuppurative myocarditis, or disseminated necrotizing vasculitis 6, 9 and the finding of intranuclear basophilic inclusion bodies in the intestinal cryptal epithelium, myocytes, and vascular endothelium. 1, [3] [4] [5] 7, 9 Only a few reports describe the neurologic form of CPV, which includes leukomalacia 6 and encephalitis. 2 In this report, we describe CPV-2 associated with massive necrotizing myocarditis and diffuse leukoencephalomalacia and discuss the possible pathogenesis of these lesions.
A pregnant mongrel dog found lying on the road was immediately brought to a private animal hospital. At that time, she had begun to give birth to the first puppy. Although the first puppy was delivered with assistance and died the next day, the other four puppies were born spontaneously the next day. The remaining four puppies grew normally but were severely anemic when examined at 25 days of age. Three died within the next 4-5 days. A puppy that died at 27 days of age was submitted to our laboratory for necropsy. At necropsy, the mucosal layers of the eyelid and oral cavity, the subcutaneous tissues, and the internal organs were pale, including the heart, which was diffusely pale. There were no significant gross lesions in the brain except for a mild but diffuse edematous change. There were 15 adult ascarid parasites in the small intestine and 6 in the large intestine. The anemia was thought to be due to severe ascariosis.
For light microscopic examination, tissues were fixed in neutral buffered 10% formalin, embedded in paraffin, sectioned at 5 m, and stained with hematoxylin and eosin (HE). Samples from the left and right ventricles and interventricular septum of the heart and from the frontal, temporal, and occipital cortex, thalamus, hippocampus, pons, and cerebellum were taken. Selected sections were also stained with Masson's trichrome, von Kossa's silver impregnation, and Luxol fast blue stains. Paraffin sections from the heart and brain were submitted to the Department of Veterinary Pathology, Veterinary Medicine, Cornell University, for immunohistochemical detection of CPV-1 and CPV-2. Immunostaining was performed by the avidin-biotin-peroxidase complex method.
In the heart, there was severe multifocal myocardial necrosis that was sometimes accompanied by mild, diffuse infiltration of plasma cells. Widespread mineral deposits that reacted positively to von Kossa's silver impregnation stain were associated with degenerate myocytes. Moderate macrophages and a few multinucleated giant cells were seen within the mineralized area ( Fig. 1 ). In some necrotic foci, there was mild fibrosis. Mild to severe myocyte necrosis characterized by coagulative changes or fragmentation of the myocardial fibers was diffusely distributed. Numerous swollen hyperchromatic nuclei of degenerate myocytes contained large, distinct, homogenous basophilic intranuclear inclusion bodies ( Fig. 2 ). On immunohistochemical examination, these inclusion bodies and some intracytoplasmic granular material were strongly immunopositive for CPV-2 ( Fig. 3) but immunonegative for CPV-1. Almost all viral antigens were detected in myocytes rather than vascular endothelium.
Cerebral lesions were distributed diffusely and bilaterally. In the cerebral white matter, there was moderate to severe diffuse liquefactive necrosis ( Fig. 4) with severe accumulation of gitter cells and mineral deposits (Fig. 5) . The capillaries were congested and endothelial cells were hypertrophic in these lesions, but inclusion bodies and inflammatory changes were not observed in these vessels. Despite these severe lesions, the cerebral cortex was well preserved. Mild vacuolar changes around cortical vessels and neuronal cells were considered to be artificial. In the cerebellum, there was a mild chronic hemorrhagic focus characterized by submeningeal accumulation of hemosiderin-laden histiocytes and mild astrocytosis (Fig. 6 ), but there were no inclusion bodies. In the other regions of the brain, there were no signifi- cant lesions. Neither CPV-1 nor CPV-2 antigens were detected in these brain sections by immunohistochemical tests.
In other visceral organs, the lungs showed alveolar emphysema with thickening of the alveolar walls by infiltration of lymphocytes, eosinophils, and numerous megakaryocytes. In the liver, severe eosinophilic aggregates were found around portal areas and in multifocal areas with degenerating hepatocytes. Edema and severe eosinophilic vasculitis in the liver and spleen were also noticed. There were no inclusion bodies in the vascular endothelium. The lymphoid follicles of the spleen and lymph nodes were depleted. Sections of the small intestine showed blunt villi and severe scattered infiltration of eosinophils and macrophages with mild fibrosis in the the lamina propria. Cryptal necrosis was not apparent, whereas a small number of intranuclear inclusion bodies were found in cryptal epithelial cells.
The etiologic diagnosis in this case was based on detection of intranuclear inclusion bodies that were strongly immunopositive for CPV-2. The inclusions were found mainly in cardiac myocytes, although a small number were seen in intestinal epithelium. CPV infection usually occurs oronasally. The virus is taken up by the epithelium and lymphoid tissue and is disseminated throughout the body via the blood stream. CPV multiplies in cells with high mitotic activities. The gastrointestinal form of CPV is common, because the intestinal epithelium actively regenerates even in healthy animals. In contrast, the myocardial form is seen only in neonatal puppies, in which proliferation of cardiac myocytes is still occurring. 11 The enteric and myocardial forms rarely occur together, but occasionally a generalized CPV infection with neurologic lesions is reported. 3, 7, 9 The enteric lesions of CPV were not severe in the present case. The lesions in the intestine and other organs were supposed to be directly associated with the ascarid parasites because the lesions involved severe eosinophilic infiltration. Our case could not be classified as generalized CPV infection because there were no inclusion bodies in any vascular endothelium.
In addition to finding inclusion bodies in the heart, we observed massive necrosis with mineralization and associated granulomatous myocarditis. Such severe myocarditis is unusual in subacute lesions of a pup and to our knowledge has not been reported in the cardiac form of CPV infection. Naturally affected puppies usually have nonsuppurative interstitial myocarditis, 4 whereas in experimental infections, the lesions are more severe and include multifocal interstitial fibrosis 10 without evidence of mineral deposition. In our case, a large number of CPV antigens were distributed diffusely in almost all myocytes, apparently resulting in fatal injury and dystrophic mineralization with infiltration of macrophages and multinucleated giant cells.
The leukomalacic lesions are also an unusual feature of the cardiac form of CPV infection. There are few reports concerning central nervous system lesions associated with CPV. Vascular necrosis that caused cerebral malacia has been reported, 3, 9 and FPV, which is believed to be the origin of CPV, is reported to replicate in the germinal neuroectodermal cells of the cerebellum, causing cerebellar hypoplasia. 3, 11 In our case, vascular necrosis was not evident, and CPV antigens were not detected in the brain, suggesting that the CNS lesion was not due to direct viral infection. Leukomalacia may occur in cases of cardiovascular disturbance. 8, 12 When subacute massive necrotizing myocarditis occurred in this puppy, the oxygen supply might have been diminished below the level required for normal physiologic activity. The hypoxic-ischemic condition causes neuronal degeneration, axonal degeneration, glial scars, and myelin loss, and the brain may undergo liquefactive necrosis. The brain of neonatal animals is more resistant to hypoxia than the brain of adults, 12 especially the white matter because the process of myelination is not yet complete. Leukomalacia of neonates is usually localized in the periventricular white matter. This is because the white matter is poorly vascularized compared to the cortex, which has numerous leptomeningeal arterial anastomoses. Moreover, the oxygen requirement of the cortex is thought to be lower than that of white matter because of the immaturity of the cells, the poor development of neuropil, and the absence of oxidative enzymatic activity. 8, 12 Our lesion should be differentiated from infarction, in which liquefactive necrosis usually involves both white and gray matter and sometimes evidence of thrombosis. 12 The liquefactive necrosis of our pup was limited to white matter, and no thrombus was found. Thus, we suggest that the brain lesions were not induced by direct CPV-2 infection nor by thrombosis but were related to severe myocardial lesions producing prolonged hypoxia and ischemia.
